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Experimental study on chloride ion penetration performance of modified

coral aggregate concrete
ZHAO Jiaqi'?, LI Jiamin"?, LIU Meimei'’, LIU Xi’
(1. CCCC Fourth Harbor Engineering Institute Limited Company, Guangzhou 510230, China;
2. Key Laboratory of Harbor & Marine Structure Durability Technology of Transport Industry,
Guangzhou 510230, China)

Abstract:In order to explore the chloride ion penetration law and the strengthening mechanism of coral aggregate
concrete modified by superfine cement, capillary water absorption test, rapid iodine ion electromigration test,
natural immersion test and field exposure test were carried out. The capillary water absorption performance and
chloride ion penetration resistance of coral aggregate concrete before and after modification were compared and
analyzed. The microstructure and element distribution of the interfacial transition zone of coral aggregate
concrete were tested by scanning electron microscopy and energy spectrum analysis. The test results show that
the cylinder compressive strength of the modified coral aggregate is increased by 69.2%, the 28 d compressive
strength of the coral aggregate concrete is increased by 18.9%, the capillary water absorption coefficient is
reduced by 42.1%, the chloride ion penetration depth is reduced by 42.9%, and the apparent chloride ion diffusion
coefficient is reduced by 47.9%. The Ca/Si of the hydration products in the interfacial transition zone is
significantly reduced, and the microstructure of the interfacial transition zone is denser. After the coral aggregate
is modified by superfine cement, the pore channels inside the coral aggregate are effectively blocked, the chloride
ion transmission path becomes more tortuous, and the apparent chloride ion diffusion coefficient of the coral
aggregate concrete decreases.

Keywords: coral aggregate concrete; ultrafine cement; chloride; microstructure; interfacial transition zone

Wi EE: 2025-04-29  f&E HHA:2025-06-11 BT HHER:2025-06-20  HEHE W
BEE&WB: EZREAFRITFERSZE (2023YFB3711800)
TEEEN: BEE (1986-) B3, WIRE AEEA, 1L, S8 TR0, FEMFREE MRS S5 A M F YIS, E-mail: zjq626@outlook.com




712 AT IARBARFFER (8 RFFMR) % 44
0 Bl& AT A R R K JE SEAE R P, RS TE A

T, W 50 7R 5 b R O i R A
W TR, SHRE AT R EE RN, SR,
TR XA P M R e e R R =,
PN it 2 B T D R R A 2 R R A R TR AR
cHER R, TRV K. Wik, FIH
T 5% S B L R ] 2 TR 5+ B — R B Iz A
AT AR AR B LR T 56,

AR B 2 AL . KR R S, R
S 1 A ] A P TS B S RIS A LA A S
PRl R, —@&BRE LH2 T Mgkl g+
BN o Sk, BFFT N B3 R T I AR ek Ak
PR AR SE, EEATHGCA S, 5 Tl
P RECHE A ML RECHET 78 TEHL A Lt
I, ZHOU 2R FH /K e - fi 2 4 - - S5 e o 1) =
TUIEARKT B Bk AT G A B, B R A
J1 5% B 0] M 1.85 MPa #2 7} % 4.81 MPa, 24 h /K
FM15.3% 2 8.0%, el I B BHEE 1 28 d
YU SR # I 60 MPa, HUANG %502 45 %t [ T i
BB R ZE AR AR B 2 T AT R K S B
RHE KV TR et Jr i, B B R B 15
£ M\ 39.6 MPa 42 I & 49.4 MPa, i 3 P A5 1 DA
2.49x10* MPa # 7} % 2.97x10* MPa, CHU Z£"1%
T8 PR 1 T o R A2 4.75~9.5 mm IHEH & 8L 4775
Ve, ARCEBRIE R SR AT, SR E SR AR
TR BE K U XTI 1 b A T AR B, 28 d c Pk it
A R &E DU o B A B 64.8 MPa, 5ok
R RHE R E A LG, PURSREESE S T 31.8%, TF
A AUBE RSO T T, 20 AR B PVA W RO 3
WML R FEATIR AL FE , PVA T 7E )R 2 1
oA LR, A BB R ik %, 28 d
% 10 I 390 TR E A Be R 5 B R T 16.85%. WANG
ZEIPUR FH PVA B A BT vk, ol I SR A ok
R G205 1 T BN 34% AR & 6%, LIU 509
FEVRE B F5 166 700 o) B B AEL B3 Ak A7 ok A P,
Jii 28 d IR EE - PUR R E T8 51.1 MPa, 5 Rkt
W RHREE LA L, PUESREE R T 32%.
LIRS AT, A AUA R ot T R R TE AL R ek
P T 9 BT A B T I Rk S AR RE, (H
TE I B 2R 58 R 58 A0 IR B 2514, PVA FITRE Joe
TR A7 A 5 v 1 2B AR RS, , 30K 51 & el P 3 28
BBHREE 7722 S A MERERYIRAE" 1, 25558
i A DL K i) 24 T8 A )R, SR FH T ML AA Ak o) 3
BB BRI AT el PR b BT B R T T AR B it T
KNaWinyisde . MAKIRYE I —FEE AR, B

INEIZAGENT S BRI, 5 I IS R AR A e
oK Ve R BT B BE K JeAH EL L AR 4K U S — Fil
PERER AL . o LA W 77 (R 1 T AL e P A
A, LRI R 2 A T O I R B -
(CAC) Y Ji2vkfie, mixd okt o al B 5 RhE
B AE BB TER .

YT, ASHIEFE I R 41K U8 S 1A 0 2 Ab
B I R A TR R -, ST TR B4k L R
HE FHEERE (RIM) ., HRIBHESE, X
SAATEPERT G CACEE TR B2, [RIRt
KA AGEE 57 (SEM-EDS) Xf CAC #
T 3ok X AT SOOI S50 RN O 2 A AR R AT, gt
MERTT U CACHI A B T2 B ERe S THILEE

1 FEMHE RS

1.1 E#H#

YEFA P-O 42.5R i@ kiR Eh K U6, H bR m
g 342 m¥/kg, N 2.90 glem®, 3 d RV BT .
PUE SR FE 59 4 5.9 MPa #131.9 MPa, 28 d g bt
1. BUESRE S50 7.8 MPaF151.5 MPa, 3% X
= FREAREE A BR AT A A 7= B9 K1000 8 47K 2
Lt 3R T AR 540 m/kg, %P2 R 2.93 glem®, 3 A
WU . PR E 9k 47.8 MPa f16.7 MPa, 28d
JERP BT . TR B3 518 69.7 MPa f19.1 MPa.

% H Rigaku ZSX Primus IT1 % X 528 5¢ ¢t 1%
A, IR A B T 3 e R R K JE RIEE 41 K R 1k
SRR, AR,

F1 BREMBHEELZEES

Tab.1 main chemical components of cementitious
materials

Btk 53 80%
Si0, ALO, Fe,0, CaO0 MgO Cl IL
K1000 2278 11.17 299 53.83 459 0.1 3.48
P-042.5R 2157 608 527 6070 131 007 4.01

KU

% i Bruker D8 Advance % XRD fi7 5/ X 7K Jé
FESL AT, 2 T B Ak R kK V8 R 4
KR EEG YL & &, W2, Ak AE
W IR A i B BOAE) 59.5%, T Tl A R
EKVEN 25.6%, MUK IEh Rl BEB I T K& S
K EB AR

F2 KEVHMHOT AR

Tab.2 mineral composition of cementations materials

Bt 535U %
YIS ES
C,S CS C,A C,AF Amorphous
K1000 16.4 19.4 1.2 35 59.5
P-0425 15.3 49.3 4.6 5.2 25.6
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Fig.1 morphology of coral aggregates before and after
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Tab.3 coral concrete mix proportion by mass ratio

e LA e/ (kg m™) 28 dPiJE
L KRS - -
i Ko KU MEIRD IMEIA SRE/MPa
CAC1 P0425 225 450 675 875 25.4
CAC2 KI000 225 450 675 875 30.2
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PRUEFRIP S BEAT IR, SRR 28 o S AL i
B R, Ok R A R LR B P AT D)
FLOBGE L R BAERAE, W Oe bR R, i
PR B ROT 2 E B IR 4.

x4 RIS

Tab.4 experimental program

R AR U PR
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Tab.5 chemical composition of artificial seawater

ik Btk 53 80% Ak Bt 53 80%

NaCl 245 KCl 0.7

Na,SO, 4.1 CaCl, 12
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Fig.5 cumulative water absorption of coral concrete
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Fig.6 water absorption height versus square root of time
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Tab.6 test information summary
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Fig.8 field exposure test results
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Fig.9 apparent chloride diffusion coefficient
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transition zone in coral aggregate concrete
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